The genus Lipomyces was described by Lodder and Kregervan Rij (1952) based on ascosporic yeast from soil reported by Starkey [1] , and comprises, at the time of writing, 17 species. The taxonomic phenotype of Lipomyces has the ability to produce starch-like polysaccharides and is unable to ferment Dglucose, assimilate nitrate or form pseudohyphae [2] . Many of these yeasts can accumulate lipids in their cells and these yeasts are known as oleaginous. This ability is expected to have wide applications in the industrial production of lipids, including biofuel [1, [3] [4] [5] [6] [7] . The main habitat of these yeasts was thought to be soil, and they are distributed worldwide [8] , although Lipomyces oligofaga and Lipomyces smithiae have been isolated from insect frass. Taxonomic criteria such as the sequence of the D1/D2 domain of the LSU rRNA gene, ascospore morphology and assimilation profiles cannot clearly indicate differences among yeast species, especially among those of the genus Lipomyces. Previous work from our laboratory showed that the translation elongation factor 1 alpha gene (EF-1a) can be used effectively for the identification and taxonomic study of the genus Lipomyces [9] .
The genus Myxozyma, which is known to be the anamorphic stage of the genus Lipomyces [10] , is composed of 12 species. The taxonomic phenotype of Myxozyma is the formation of extracellular starch-like compounds, and growth on imidazole as the sole source of nitrogen [2] . Many Myxozyma species have been isolated from soil, including Myxozyma geophila, Myxozyma kluyveri, Myxozyma neotropica, Myxozyma udenii and Myxozyma vanderwaltii. Other species have been isolated from several different sources, including insect-associated habitats such as tree-inhabiting lichen (Myxozyma lipomycoides), sap flux on oak tree and soil (Myxozyma monticola), cladode of prickly pear cactus (Myxozyma neglecta), necrotic tissue of cactus (Myxozyma mucilagina), beetle (Myxozyma melibiosi), frass of beetle (Myxozyma nipponensis) and frass of the wood wasp (Myxozyma sirexii).
The family Lipomycetaceae was reclassified to include three genera, Lipomyces, Myxozyma and Dipodascopsis, which differ in producing pseudohyphae and ascospores in an acicular or spherical ascus [11] , based on four gene sequences including SSU rRNA, LSU rRNA, EF-1a and mitochondrial SSU rRNA [12] . On the other hand, the International Code of Nomenclature for algae, fungi and plants (Melbourne Code) decided to discontinue the principal of dual scientific names [13] . Thus, novel species belonging to the family Lipomycetaceae should be described with one single genus name having priority, although teleomorphic characters may not be detected.
In this study, we isolated yeast species belonging to the family Lipomycetaceae from soil collected in Okinawa and Yamanashi prefectures in Japan. We propose two novel species of Lipomyces according to the taxonomic study and the Melbourne Code.
Samples of 0.2 g of soil collected in Okinawa and Yamanashi prefectures were suspended in 5 ml 0.1 % sodium silicate (pH 10) and agitated using a test tube mixer for 30 min at 2500 r.p.m. After standing for 20 min, 4.5 ml of supernatant was filtered through a 0. 45 Plates were incubated at 25 C until colony formation. Individual yeast colonies were picked and spread on the same defined medium. The yeast colonies were then purified on defined medium without cycloheximide. Single cells were picked with a micromanipulator and cultivated on YM agar medium (per lire : 10 g glucose, 20 g agar, 5 g peptone, 3 g yeast extract and 3 g malt extract).
Yeasts were grown on 5 % malt extract agar to assess lipid accumulation by Nile Red (MP Biomedicals) staining. Cells were suspended in 1 ml saline containing 3.3 µg Nile Red. Images were acquired using an Axioplan 2 microscope (Carl Zeiss) with laser excitation at 530-560 nm and emission at 572.5-647.5 nm.
The strains used in this study are listed in Table 1 . Yeast cells cultured on YM agar medium for 3-4 days at 25 C were harvested using a loop, and DNA was isolated and purified using a Maxwell 16TM system (Promega) or PrepMan Ultra reagent (Applied Biosystems) according to the manufacturers' instructions.
The 5¢ ends of LSU rRNA and EF-1a gene were amplified by PCR using the EX Taq kit (Takara Bio) and a Mastercycler ep Gradient S thermal cycler (Eppendorf). The standard primer pairs used for amplification and sequencing were as follows: NL1 (5¢-GCATATCAATAAGCGGAGGAAAAG-3¢) and NL4 (5¢-GGTCCGTGTTTCAAGACGG-3¢) for LSU rRNA [14] , ITS5 (5¢-GGAAGTAAAAGTCGTAA-CAAGG) and ITS4 (5¢-TCCTCCGCTTATTGATATGC-3¢) for the ITS region [15] , and EF1-983F (5¢-GCYCCYGGH-CAYCGTGAYTTYAT-3¢) and EF1-2218R (5¢-ATGA-CACCRACRGCRACRGTYTG-3¢) for EF-1a [12] . For sequencing of EF-1a, primers EF1557R (5¢-CTGYTCGTGG TGCATYTC-3¢), EF1575F (5¢-GARATGCACCACGA RCAG-3¢), EF1774 (5¢-CTTGCAMGCRATGTGRGCRG TG-3¢) and EF1796F (5¢-ACACYGCYCACATYGCK TGCAAG-3¢) were additionally used. PCR products were purified using the Agencourt AMPure purification system (Beckman Coulter), and the sequencing reaction was performed using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). DNA fragments from the sequencing reactions were purified with the Agencourt CleanSEQ system (Beckman Coulter), and the sequences were obtained using either an ABI PRISM 3130 or 3730xl Genetic Analyzer (Applied Biosystems) according to the manufacturer's instructions. The obtained nucleotide sequences were deposited into DDBJ/EMBL/GenBank, and the accession numbers are listed in Table 1 .
Molecular phylogenetic analyses based on the LSU rRNA, ITS and EF-1a gene sequences was performed by the neighbour-joining (NJ; [16] ) method. Initially, four strains and 20-34 types or authentic strains of species belonging to the family Lipomycetaceae were analysed using the sequences of EF-1a, LSU rRNA and ITS, respectively (Figs 1, S1 and S2, available in the online Supplementary Material), to establish their identity. The MEGA 5.0 software [17] was used to determine evolutionary distances (K nuc value; Kimura, 1980), assess similarities and reconstruct phylogenetic trees by the NJ method. The K nuc values and bootstrap resampling method [18] involving 1000 replicates were applied to evaluate the topology of the phylogenetic trees.
Physiological properties and morphological characteristics were examined using the methods currently used for yeast taxonomy studies [19] .
DNA was isolated according to the method of Holm et al. [20] for analysis of DNA G+C content. Yeast cells grown in 200 ml of YM broth were collected, washed twice with EDTA buffer (50 mM, pH 8.0) and treated with Zymolyase-100T (Seikagaku) and Proteinase K (Wako Pure Chemical Industries) to disrupt the cells and extract the DNA. After RNase treatment (RNase A and T1; Sigma-Aldrich), DNA was extracted with phenol/chloroform. The isolated DNA was purified by CsCl gradient ultracentrifugation according to the method of Yamazaki and Kawasaki [9] . The DNA base composition was determined by HPLC as described by Tamaoka and Komagata [21] using the DNA-GC kit (Yamasa Shoyu).
Ubiquinones were extracted and analysed according to the methods provided by Mikata and Yamada [22] . Yeast cells grown in 200 ml YM broth were collected and washed twice with distilled H 2 O. Cells were freeze-dried and mixed in chloroform and methanol (2 : 1, v/v) solution, filtrated by filter paper, evaporated until dry and then dissolved in acetone. The solution was analysed by HPLC, and the major ubiquinone was determined. T (=NBRC 110621 T =CBS 14748 T ) was isolated from soil collected in Yamanashi prefecture. The strain showed common Myxozyma characteristics such as the formation of extracellular starch-like compounds and growth on imidazole as the sole source of nitrogen. Ascospores were not observed until 3 months on substrates that induce sporulation in Lipomycetaceae, including cornmeal agar, 5 % malt extract agar, V8 agar, potassium acetate agar, acetate agar and AF agar [19] .
ISOLATION OF NOVEL LIPOMYCETACEAE SPECIES

PHYLOGENETIC ANALYSIS OF LSU RRNA, ITS AND EF-1a, AND COMPARISON OF PHYSIOLOGICAL PROPERTIES
The four isolated strains comprised two clades among Lipomycetaceae species in the LSU rRNA tree (Fig. S1) T formed a single clade near Myxozyma geophila. Differences of 4 bp in a 561 bp region were detected in comparing these two taxa.
In the ITS tree, the four isolated strains comprised two clades among Lipomycetaceae species in the LSU rRNA tree (Fig. S2) In the EF-1a gene tree, the four yeast strains comprised two clearly isolated clades (Fig. 1) These four strains formed two isolated clades in the phylogenetic analysis based on LSU rRNA, ITS and EF-1a gene sequences among Lipomycetaceae species. They differ from their most closely related species in their physiological properties. Therefore, we propose two novel species of the genus Lipomyces, Lipomyces okinawensis sp. nov. and Lipomyces yamanashiensis sp. nov. Because L. yamanashiensis was not observed to have a teleomorphic state, it is designated as forma asexualis (f.a.), according to the recommendation of Lachance [23] .
DESCRIPTION OF LIPOMYCES OKINAWENSIS
YAMAZAKI, YANAGIBA AND NAGANUMA SP. NOV.
Lipomyces okinawnsis (o.ki.na.wen¢sis. N.L. masc. adj. okinawensis referring to the site from where the type strain was first isolated, Okinawa prefecture, Japan).
After a 3 day culture on YM agar at 25 C, cells are ovoid and ellipsoidal, 4.9-7.1Â6.5-8.8 µm, occurring singly, in pairs or in short chains (Fig. 2a) ; budding is multilateral. The results of the streak culture on YM agar are mucoid, partly hyaline, partly creamish-opaque, smooth and glistening, with an entire margin. On Dalmau plate cultures on cornmeal agar after 10 days at 25 C, neither hyphae nor pseudohyphae are formed. In YM broth after culture for 1 month at 25 C, sediment is not present. Generally, asci are attached, saccate to irregularly tubular or contorted, with slowly deliquescent walls. Ascospores are globose, amberpigmented, smooth, 2.0-2.8 µm in size and 4-27 per ascus (Fig. 2b-c Lipomyces yamanashiensis (ya.ma.na.shi.en¢sis. N.L. masc. adj. yamanashiensis referring to the site from where the type strain was first isolated, Yamanashi prefecture, Japan).
After a 3 day culture on YM agar at 25 C, cells are spherical, rarely ovoid and ellipsoidal, 2.8-5.5Â3.1-5.6 µm in size, occurring singly and in pairs (Fig. 2f) . Budding is multilateral. The streak culture on YM agar is mucoid, partly hyaline, partly creamish-opaque, smooth and glistening, with an entire margin. On Dalmau plate cultures on cornmeal agar after 10 days at 25 C, neither hyphae nor pseudohyphae are formed. In YM broth after culture for 1 month at 25 C, sediment is not present. 
